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SOLAR CELL ASSEMBLY AND ALSO SOLAR
CELL ARRANGEMENT

PRIORITY CLAIM TO RELATED
APPLICATIONS

This application 1s a national stage application under 35

U.S.C. §371 of PCT/EP2010/004394, filed Jul. 19, 2010,
and published as WO 2011/009580 Al on Jan. 27, 2011,
which claims prority to FEuropean Application No.
09009379.0, filed Jul. 20, 2009, which applications and
publication are incorporated by reference as 1f reproduced
herein and made a part hereof in their entirety, and the
benefit of priority of each of which 1s claimed herein.

The invention relates to a light-absorbing or light-emitting,
solar cell assembly and also a solar cell arrangement which
1s constructed from 2 to 10,000 of the solar cell assemblies
according to the mvention.

In photovoltaics, light 1s converted into electrical energy
by means of solar cells. In the case of concentrating pho-
tovoltaics, an optical system (for example with lenses or
mirrors) 1s used and concentrates light onto solar cells. It
must thereby be ensured that as much light as possible
impinges on the solar cell since light which impinges next to
the solar cell cannot be converted into electrical energy.

In a photovoltaic concentrator module, a plurality of solar

cells are combined and wired electrically. The solar cells
must be protected from moisture and mechanical stresses.
For this purpose, solar cells are generally encapsulated. In
the present context, encapsulation firstly means enclosing
with a material which protects the encapsulated solar cell
from damaging influences and, at the same time, impairs the
function as little as possible.
In general, concentrator modules can scarcely exploit
diffuse light since only direct light (suthiciently parallel) can
be concentrated. In addition, a concentrator module must be
orientated towards the sun, otherwise concentrating light
rays would not impinge on the solar cell. Concentrator
modules are mostly therefore mounted on a tracking system
which orientates the module towards the sun.

The quotient of optical aperture area and solar cell 1s
termed (geometric) concentration factor. For a concentrator
system, a high concentration factor 1s desirable. In order to
produce highly concentrating photovoltaic systems (concen-
tration factor>300), the use of secondary optics 1s possible.
A two-stage optical concept 1s thereby used and consists of
a so-called primary optics and a secondary optics. This
two-stage concept enables a greater freedom of design in the
realization of the optics and the module geometry and
permits 1n addition higher concentration factors or greater
tolerances with respect to positioning in manufacture,
adjustment and orientation towards the sun. According to the
design, the light incident on the receiver surface can 1n
addition be homogenised, 1.e. an improvement 1n the uni-
formity of the incident intensity can be achieved, which 1s
always jointly present subsequently as a potential advantage
ol a secondary optics, even 11 1t 1s not specifically stated.

Secondary optics for concentrator modules are configured
for example as a reflective element, however frequently as
a refractive element. In the former, the light i1s directed
towards the solar cell by (surface) retlection, in the latter by
means ol refraction or internal total reflection. Component
forms, such as e.g. conically tapering light guides, truncated
pyramids, truncated cones, cuboids, cylinders, lenses or
parabolas are known for secondary optics.

Also combinations of these forms are known. Refractive
secondary optics (the subsequent embodiments relate to this

10

15

20

25

30

35

40

45

50

55

60

65

2

type) must be manufactured from highly transparent mate-
rials, such as glass or transparent plastic materials (PMMA,
polycarbonate etc.) in order to absorb as little light as
possible. Light which 1s absorbed in the secondary optics
cannot be used by the solar cell. In addition, the secondary
optics 1s generally situated in the focus of the primary optics
and hence 1s subjected to concentrated sun radiation. Even
low absorption of the concentrated sun radiation can there-
fore lead to great heating of the secondary optics and
ultimately to destruction thereof. According to the connec-
tion between the secondary optics and cell, also the cell 1s
heated, which 1s undesired. In order to avoid optical losses
at the 1interface between secondary optics and solar cell, this
region 1s frequently filled with an optical coupling medium.
When using secondary optics which use total internal retlec-
tion (TIR), the following problem thereby occurs:

The optical coupling medium can wet the outer surfaces
of secondary optics, as a result of which the surface contour
1s changed such that the conditions for TIR are no longer
provided. Thus light 1s coupled out on these wetted surfaces
and no longer impinges on the solar cell. Also the assembly
of secondary optics 1s frequently not easy to resolve. The
known methods for mounting generally require additional
retaining devices for the secondary optics, by means of
which material and process costs are increased.

I encapsulation material 1s situated in the optical path, the
same applies as for the secondary optics material. The
maternial for the solar cell must be highly transparent for
solar radiation (300-2,000 nm). Light absorbed 1n the encap-
sulation material cannot be converted into electrical energy.
In addition, even a low absorption of concentrated sunlight
leads to great heating of the maternial, which can lead to
degradation and ultimately destruction thereof. Since the
medium 1s situated in the focus of the primary optics, 1t 1s
necessary that the material used 1s 1n addition stable relative
to high doses of radiation.

It 1s important that the material protects the solar cell from
environmental influences, such as e.g. air humidity. For the
mentioned reasons, generally transparent silicones are used
for the encapsulation. For this purpose, the encapsulation
material 1s applied 1n the liquid state on and around the cell
and subsequently hardened. Furthermore, 1t 1s possible that
s1licone which 1s used for optical coupling between second-
ary optics and solar cell also serves for protection of the
solar cell edges. The disadvantage in particular of highly
transparent silicone 1s that it adheres only inadequately on
many surfaces and 1s permeable for water vapour. Highly
transparent silicones are therefore suitable merely in a
limited fashion for the encapsulation of solar cells.

The above-cited state of the art has explicitly the follow-
ing disadvantages:

for mounting secondary optics with a larger entrance

aperture than outlet aperture, additional mountings are
required, which increase the material and process costs
for concentrator modules.

optical coupling media can wet the side surfaces of

secondary optics, which leads to coupling out of light
when using internal total reflection.

only highly transparent maternials are possible as encap-

sulation materials. I concentrated solar radiation 1is
absorbed 1n the encapsulation material, this can lead to
destruction of the encapsulation. The use of exclusively
highly transparent materials very greatly restricts the
material selection.

Apart from the above-described components especially
for the concentrating photovoltaics, light diode components
(LED) are known from prior art. Similarly to the application
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of photovoltaic concentrator systems, semiconductor ele-
ments are combined with a optics 1in the case of light diode
components, the encapsulation of the electrical elements
being ensured at the same time. The present invention 1s
distinct from LED components in the following points:

In the case of LED components, light generally emerges
laterally out of the semiconductor. In the case of
photovoltaic applications, light enters into the semi-
conductor via the front-side. This difference i1s also
reflected 1n the electrical contacting of the semicon-
ductor elements. Whilst in the case of LED technology,
the entire front-side serves as contacting surface, it
must be ensured in photovoltaics that shading by the
contacting 1s minimal.

In the case of LED applications, fillers in the encapsula-
tion material are used in order to influence the spectrum
of the emerging light. In the case of the photovoltaic
application, the (illuminated) encapsulation material
must be as transparent as possible.

In particular concentrating photovoltaics demand special
requirements which are not resolvable with compo-
nents from LED technology. In contrast to LED appli-
cations, the result with concentrating photovoltaics 1s
local light intensities >1,000 kW/m”. If LED compo-
nents, which are known from prior art, were to be used
in concentrating photovoltaics, these would 1n general
be destroyed. In addition, costs play a lesser role
generally in LED application than in photovoltaics. In
the case of LED components, frequently additional
clements (for example holding devices) are therefore
used, which would be too expensive for applications in
a concentrator module.

Starting hereirom, 1t 1s the object of the present invention
to 1mprove the optical properties of a concentrator module
with the help of a corresponding secondary optics and to
make this possible 1n a more economical manner.

This object 1s solved by the light-absorbing and/or light-
emitting solar cell assemblies and solar cell arrangements
described herein and to the solar cell assemblies or solar cell
arrangements recited in the claims.

According to the mnvention, a light-absorbing and/or light-
emitting solar cell assembly 1s provided, which comprises an
clectrical insulator which 1s disposed on an electrically
conductive substrate and 1s provided with a metallised
surface, and at least one solar cell with a refractive second-
ary optics which 1s connected to the electrically conductive
substrate, the solar cell being disposed 1n a recess in the
insulator which 1s provided with the metallised surface and
the solar cell being connected to the substrate by the side
orientated towards the substrate via an electrically conduc-
tive connection and the recess being dimensioned such that
an 1nterspace 1s produced laterally between the solar cell and
the electrical insulator provided with the metallised surface,
said interspace being filled with a coupling medium and the
solar cell being connected to the metallised surface by at
least one electrical contact.

The mvention thereby includes embodiments 1n which the
solar cell 1s disposed entirely within the cavity formed by the
recess, and also embodiments 1n which the solar cell par-
tially protrudes beyond the metal surface of the insulator.

By means of the secondary optics proposed here, light
which otherwise would impinge next to the solar cell 1s
directed onto the solar cell. Furthermore, light from a larger
solid angle can be exploited for the solar cell by means of the
secondary optics. As a result of the fact that the solar cell and
also possibly the electrical contact are entirely encapsulated,
the solar cell 1s protected above all from dust, moisture,
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corrosive gases and mechanical stresses, as a result of which
the long-term stability of the solar cell assembly 1s
increased.

There can be used here as solar cells for the solar cell
assembly (SCA) all known solar cells. Furthermore, also
monolithic multiple solar cells, in particular a triple solar
cell with a monolithic multiple solar cell, can be used. The
solar cells can furthermore be doped with elements from
main group III and V.

The subject of the invention resides in improving the
known solar cell assemblies by the use of an integrated
secondary optics. Advantages of this solar cell assembly are
good dissipation of the heat emanating from the solar cell,
protection of the solar cell from corrosion, resistance or
protection of all elements used against concentrated solar
radiation, long-term stability of the overall construction, the
use of starting materials which are as economical as possible
and also compensation for the thermal stresses arising
during operation.

Low material and process costs arise in the process for the
production of a solar cell assembly according to the inven-
tion with an integrated, refractory secondary optics. Further-
more, high positioning accuracy of the secondary optics
relative to the solar cell 1s ensured and also avoidance of
damage to the solar cells, the secondary optics or other
clements present on the solar cell assembly 1n the equipping
pProcess.

Preferably, the coupling medium 1s selected from the
group consisting of transparent materials, silicones, silicone
oil, polycarbonates, polyacrylates, poly(meth)acrylates,
glass, quartz glass, thermoplastic plastics and mixtures
hereof. These materials can be metered precisely and can
therefore be filled also into narrow regions 1n an excellent
mannet.

The coupling medium can also completely encapsulate
the solar cell and the electrical contact. As a result, the solar
cell and the at least one electrical contact are protected
optimally from destructive environmental influences, such
as e.g. moisture or corrosive gases. Consequently, the long-
term stability of the solar cell assembly according to the
invention 1s increased in this way. Also simplification of
manufacture can be made possible thus since the encapsu-
lation medium can be applied 1n only one operating step.

Furthermore, the electrically conductive connection of the
solar cell to the substrate can be effected by means of
adhesive, solder, a bond connection and/or welding. These
can be applied with positional precision and have high
stability.

The metallised surface of the solar cell assembly can
consist of metals, i particular copper, silver, nickel, gold,
platinum, titanium, palladium, aluminium or germanium
alloys or comprise these. These materials are suitable very
particularly for contacting and can also serve as wiring pad.

Preferably, the substrate for the solar cell assembly con-
s1sts of copper, aluminium, titanium, steel, silicon alloys or
metal alloys. Optimum heat conduction 1s ensured by these
substrates and enables good dissipation of the heat emanat-
ing from the solar cell. Hence destruction of the solar cell
assembly as a result of thermal stresses 1s practically impos-
sible. The substrate can also consist of insulating materials,
as are described for example subsequently for the insulator,
as long as the surface 1s electrically conducting. The mate-
rials described above are possible as electrically conductive
materials for the surface coating.

The electrical msulator preferably consists of epoxy res-
ins, thermoplastic plastics, ceramics, aluminium oxide,
polyethylenes, polyvinylchlorides, polytetrafluoroethylenes,
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s1licones or glass. These materials are 1inert and consequently
improve the long-term stability.

In an alternative variant of the invention, the solar cell
has, at least on the side connected to the secondary optics,
at least one protective coating made of an optically trans-
parent metal, made of aluminium oxide, silicon, silicon
oxide, silicon nitride, silicon carbide, polycarbonates, poly
(meth)acrylates, silicone, glass, quartz glass or thermoplas-
tic plastics.

Furthermore, the solar cell assembly can be characterised
in that the refractive secondary optics for focusing sunlight
on the solar cell, comprising a refractor which 1s configured
solidly from an optically transparent dielectric material with
an average transmissibility of at least 90% 1n the wavelength
range between 400 and 2,500 nm, measured with a layer
thickness of 1 mm, said refractor having an entrance aper-
ture orientated towards the sunlight and an outlet aperture
orientated towards the solar cell, the entrance- and/or the
outlet aperture being designed such that a refractive con-
centration of the incident sunlight 1s effected.

Preferably, the optically transparent dielectric material for
the secondary optics 1s selected from the group consisting of
epoxy resin, silicone, silicone resin, polycarbonate, poly-
acrylates, poly(meth)acrylates, glass, quartz glass, thermo-
plastic plastics, silicon oxide, silicon carbide, aluminium
oxide and mixtures herecof. Because of the resistance to
weathering of the compounds which are used and also low
absorption of the incident light, the mentioned materials are
particularly well suited.

The entrance- and/or outlet aperture of the secondary
optics can have a flat, convex and/or concave surface
contour. Which surface contour 1s chosen, depends inter alia
upon the materials which are used. The refractive secondary
optics can hereby have the most varied of forms, such as e.g.
paraboloid, truncated cone, light guide, truncated pyramid
etc.

Preferably, the area of the entrance aperture of the sec-
ondary optics 1s greater than the area of the outlet aperture
of the secondary optics. The greater the quotient of area of
the entrance aperture to area of the exit aperture, the higher
1s the concentration factor of the secondary lens system.

The refractive secondary optics can have a projection
which surrounds the refractor and 1s disposed preferably at
the level of the entrance aperture and, for further preference,
1s connected monolithically or 1n a form-fit to the refractor.
As a result of the projection, simplification for example
during mounting ol secondary lens systems by means of
Pick & Place methods 1s made possible since these optics
can be gripped by machines 1n a simple manner.

Furthermore, with the exception of the regions of the
entrance- and outlet aperture and/or the side of the projec-
tion orientated towards the outlet aperture, the refractor can
be coated with a highly reflective coating with a reflection
degree p>70% 1n a wavelength range of 400 to 800 nm
and/or a reflection degree p>80% 1n a wavelength range of
900 to 2,500 nm. The coating enables excellent concentra-
tion of the incident light onto the solar cell without the light
impinging on the surroundings of the solar cell. Thus heating
and radiation loss, associated therewith, are prevented. Fur-
thermore, also non-transparent encapsulation material can
be used.

The highly reflective coating of the secondary optics
preferably comprises a metal, 1n particular aluminium, pret-
erably 1 a highly pure (>99% by weight) form, or silver,
and/or a layer sequence of materials with different refractive
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indices n,,”° and/or alloys or consists of these. This coating
or layer sequence can also comprise a protective function or
protective layer.

The highly reflective coating of the secondary lens system
can have a layer thickness of 1 nm to 3 mm, preferably of
1 um to 200 um. As a result, merely a small amount of
material 1s required and nevertheless the retlection and
hence the light concentration onto the solar cell 1s effectively
increased.

In an alternative embodiment of the solar cell assembly,
the refractor 1s fixed on the metallised surface by means of
a bond by gluing and/or a mechanical fixing. As a result, the
stability of the solar cell assembly relative to external
conditions 1s improved 1n addition.

The matenal for the formation of the bond can hereby be
selected from the group consisting of thermoplastic plastics,
epoxy resins, silicones, acrylates, cyanoacrylates, polycar-
bonates, polyacrylates, poly(meth)acrylates and mixtures
hereof. This bond material need not be transparent.

Preferably, the material for the formation of the bond i1s a
thermally conducting material which 1s electrically msulat-
ing. As a result, overheating of the solar cell assembly, on the
one hand, and the occurrence of a short circuit, on the other
hand, 1s prevented. The bonding material can furthermore
also serve for encapsulation of the electrical contact.

Furthermore, the material for the bond and the coupling
medium can be identical. Thus the production which can
also be eflected by means of Pick & Place methods 1is
facilitated since only one step 1s required for the application
of bonding material and coupling medium, which in this
case 1s 1dentical.

The material for formation of the bond can be covered
completely by the projection of the secondary optics. As a
result, the mnfluence of environmental conditions (such as
¢.g. solar radiation) on the bonding material, which could for
example eflect embrittlement of the matenal, 1s eflectively
prevented.

Preferably, the refractive secondary optics 1s enclosed 1n
a form-fit by a casing, the upper side of the casing forming
the entrance aperture and the lower side of the casing the
outlet aperture. The casing can have for example a circular,
oval or square-cut base and consequently be cylindrical or
prism-shaped. For preference, the casing 1s cylindrical.

The refractive secondary optics can have a convexly-
configured entrance aperture which protrudes beyond the
casing in the longitudinal direction. Hence a lens-shaped
entrance aperture for concentration of the incident light 1s
formed 1n a simple manner.

The secondary optics can be connected to the solar cell
and/or to the substrate via at least one fastening element.
Furthermore, the substrate can have at least one form-fitting,
reversible locking device to which at least one fastening
clement can be connected.

In a preferred embodiment, at least one protective diode
and/or at least one primary optics for concentration of light
onto the secondary optics, such as e.g. a Fresnel collector, a
lens and/or a mirror, 1s contained 1n the solar cell assembly.

These components serve for a first focusing of the light
onto the secondary optics.

In a vanant of the solar cell assembly, the solar cell 1s
connected electrically 1n series and/or 1n parallel to at least
one further solar cell via the at least one contact.

Furthermore, the invention includes a solar cell arrange-
ment which 1s characterised in that 1t 1s constructed from 2
to 10,000 of the described solar cell assemblies.

Both the solar cell assembly and the solar cell arrange-
ment can be disposed on tracking systems.
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The subject according to the application 1s intended to be
explained 1n more detail with reference to the following
FIGS. 1 to 3 and examples 1 to 3, without wishing to restrict
said subject to these variants.

FIG. 1 shows a solar cell assembly with a refractive
secondary optics which has a projection.

FIG. 2 shows a solar cell assembly with a refractive
secondary optics which has a convex entrance aperture.

FIG. 3 shows a solar cell assembly which has an encased
refractive secondary optics.

FIG. 1 shows a solar cell assembly 1 comprising an
clectrically conductive substrate 2 which serves as heat sink
and 1s made of copper. The solar cell 4 1s a I1I-V multiple
solar cell. The metallised surface 7 made of a Cu/Ni/Au
layer sequence on the insulator 3 serves as contact pad and
has a recess 6 1n the middle. The refractive secondary optics
5 1s a glass body which 1s configured as a truncated cone
with a lens-shaped entrance aperture 12. The outlet aperture
13 hereby has the same shape and dimension as the solar cell
4. The lateral area of the truncated cone 1s provided with a
silver-containing, highly reflective coating with an addi-
tional layer as protective layer 15 and thus protected from
environmental influences. On the side of the entrance aper-
ture 12, the refractive secondary optics 3 has a projection 14
which facilitates gripping during the Pick & Place method
and offers additional protection for the subsequent encap-
sulation by the material for the bond 17. The refractive
secondary optics 5 can be produced in a glass moulding
process (more generally: glass hot shaping), ideally a plu-
rality of optics being produced in one moulding process. The
process time 1s consequently shortened.

The solar cell 4 1s mounted with electrically conductive
adhesive 8 on the solar cell 4. As an alternative, the solar cell
4 can be soldered. As a result, the rear-side contact of the
solar cell 4 1s produced via the copper plate as the electri-
cally conductive substrate 2. The electrical isulator 3 with
the metallised surface 7 1s glued onto the heat sink as the
clectrically conductive substrate 2 so that the solar cell 4 1s
situated in the middle of the recess 6. In a bonding process,
an electrical contact 10 between the solar cell front-side and
the metallised surface 7 1s produced with thin wire bonding,
(ideally gold wire).

A small quantity of optical coupling medium 20 1s applied
on the solar cell front-side or the outlet aperture 13. Liqud
transparent silicone can be used for this purpose. The
refractive secondary optics 3 1s placed on the solar cell upper
side with the outlet aperture 13. Subsequently, the material
for the bond 17 1s applied around the solar cell 4 and the
refractive secondary optics 3, also the electrical contact 10
being encapsulated. An 1njection or dispensing process 1s
suitable inter alia for the encapsulation process. Finally, the
coupling medium 20 1s hardened. In the case of the example
of FIG. 1, the material for the bond 17 and the coupling
medium 20 1s thereby 1dentical. Consequently, a simple and
economic process becomes possible since only one material
1s required.

In FIG. 2, a solar cell assembly 1 with refractive second-
ary optics 5 which has a convex entrance aperture 12 1s
represented. An electrically conductive substrate 2 serves as
heat sink and consists of copper. The solar cell 4 1s a 11I-V
multiple solar cell. The metallised surface 7 made of a
Cu/Ni/Au layer sequence on the insulator 3 serves as contact
pad and has a recess 6 in the middle. The refractive sec-
ondary optics 5 1s a glass body 1n cylindrical form with a
convex, lens-shaped entrance aperture 12 and a flat outlet
aperture 13. Both the entrance aperture 12 and the outlet
aperture 13 are greater than the surface of the solar cell 4.
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The refractive secondary optics 5 can be produced in a glass
moulding process, 1deally a plurality of lens systems being
produced 1n one moulding process. The process time can
consequently be shortened.

The solar cell 4 1s mounted with electrically conductive
adhesive 8 on the solar cell 4. As a result, the rear-side
contact of the solar cell 4 1s produced via the copper plate as
the electrically conductive substrate 2. The electrical 1nsu-
lator 3 with the metallised surface 7 1s glued onto the heat
sink as the electrically conductive substrate 2 so that the
solar cell 4 1s situated 1n the middle of the recess 6. In a
bonding process, an electrical contact 10 between the solar
cell front-side and the metallised surface 7 1s produced with
thin wire bonding (ideally gold wire).

Transparent and liquid silicone as the coupling medium
20 1s filled into the interspace 9 between solar cell 4 and
isulator 3 so that some of the silicone emerges out of the
interspace 9. The refractive secondary optics 5 with the
outlet aperture 13 1s pressed 1nto this emerging silicone as
the coupling medium 20 so that an optical contact i1s pro-
duced. The solar cell 4 1s encapsulated here entirely by the
coupling medium 20. The spacing between the outlet aper-
ture 13 of the refractive secondary optics 3 and the solar cell
4 1s determined by the thickness of the insulator 3 and
influences the entire design of the concentrator optics.
Finally the silicone 1s hardened.

FIG. 3 shows a solar cell assembly 1 which has an encased
refractive secondary optics 5. The electrically conductive
substrate 2 as heat sink consists of copper. The solar cell 4
1s a II1I-V multiple solar cell. The metallised surface 7 made
of a Cu/N1/Au layer sequence on the mnsulator 3 serves as
contact pad and has a recess 6 1n the middle. The metal
cylinder made of aluminium as casing 16 has a greater inner
diameter than the recess 6. The interspace 9 between the
solar cell 4 and the imsulator 3 which 1s provided with a
metallised surface 7 1s filled with coupling medium 20.

The solar cell 4 1s mounted with electrically conductive
adhesive 8 on the solar cell 4. Alternatively, the solar cell 4
can also be soldered. As a result, the rear-side contact
between solar cell 4 and copper plate as the electrically
conductive substrate 2 1s produced. The metallised surface 7
made of a Cu/Ni1/Au layer sequence on the insulator 3 serves
as contact pad and has a recess 6 in the middle. In a bonding
process, an electrical contact 10 between the solar cell
front-side and the metallised surface 7 1s produced with thin
wire bonding (ideally gold wire). An aluminium hollow
cylinder as a casing 16 1s placed on the metallised surface 7
so that the axis of the casing 16 extends through the middle
of the solar cell 4. In order to increase the stability, the
hollow cylinder of the casing 16 can also be glued on
securely. Transparent and liquid silicone as the refractive
secondary optics 5 that 1s filled 1nto the aluminium cylinder
of the casing 16 until 1t begins to emerge from the cylinder
of the casing 16 or to bulge beyond the open end-face of the
cylinder of the casing 16. A curved surface arises due to the
surface tension of the silicone, the ultimate shape of which
surface 1s determined by the filling quantity, the temperature
during filling, hardening and use and a possible change 1n
shape during hardening (e.g. volume shrinkage). The total
optical design of the solar cell assembly 1 dictates which
surface shape 1s set or what height the aluminium cylinder
of the casing 16 must have. The silicone that forms the
refractive secondary optics 5 1s subsequently hardened.

Example 1

A secondary optics 1s used, the entrance aperture of the
secondary optics being greater than the exit aperture. The
secondary optics consists of a transparent dielectric (for
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example glass, PMMA, polycarbonate etc.) and 1n principle
has a shape tapering from the entrance aperture to the outlet
aperture (for example paraboloid, truncated cone, light
guide, truncated pyramid etc.). The entrance- and/or outlet
aperture can be flat or formed 1n a curve.

The side surfaces of the secondary optics are provided
with a highly reflective, e.g. silver-containing, layer and also
with protective layers which protect this highly reflective
layer. In order to mount the secondary optics, the latter with
the outlet aperture 1s placed on the solar cell (Pick & Place
method). The mterspace between secondary optics and solar
cell can thereby be filled with an optical coupling medium.

Subsequently, the secondary optics i1s glued. For this
purpose, an adhesive or bonding material 1s used, which
surrounds the outside of the secondary optics, the edges of
the solar cell and the electrical contacting (bonded or welded
connections). As a result, both the mounting of the second-
ary optics and the encapsulation of the solar cell and of the
clectrical connection or contacting are ensured.

Since, 1 the case of the secondary optics which 1s used.,
the outer face 1s provided with a metallic reflective layer, the
encapsulation or adhesive material need not be transparent.
The encapsulation 1s protected from the concentrated solar
radiation by the secondary optics. In addition, the secondary
optics on the upper side can have a projection (e.g. in the
form of a circumierential ring) which protects the encapsu-
lation material 1n addition from the concentrated radiation.
Such a projection can furthermore be advantageous for
mounting 1n which 1t serves as grippable region for the Pick
& Place method. Furthermore, the projection can be used to
mount the secondary lens system mechanically 1n addition.

Example 2

A lens-shaped secondary optics 1s used. The secondary
optics consists of a transparent dielectric (Tor example glass,
PMMA, polycarbonate etc.) and has a convexly-shaped
entrance aperture. Concentrated light which impinges on the
entrance aperture 1s 1n addition concentrated or light from a
greater (incident) solid angle 1s directed towards the outlet
aperture.

The contact pad for producing the front-side contact
should thereby surround the solar cell completely. In addi-
tion, the contact pad should at least be as thick as the solar
cell which 1s used. The volume between cell and contact pad
1s somewhat overfilled with encapsulation material or cou-
pling medium, a small quantity thereof emerging from the
volume. The secondary optics can 1n addition be glued. For
example transparent silicone can be used as encapsulation
material.

Example 3

A secondary optics 1s configured in that a cylindrical
casing 1s placed such that it encloses the solar cell and the
clectrical bonded or welded connections which serve for the
clectrical contacting. Subsequently, the volume between the
solar cell and the casing 1s filled with optically transparent,
dielectric material. According to the filling quantity and
wetting characteristics of the matenal, curved surfaces
which engage conveniently in the light path and direct or
tocus light onto the solar cell can be produced. The material
for the encapsulation, e¢.g. made of transparent silicone,
hence serves for protection of the solar cell and for protec-
tion of the electrical contacting.

The 1nvention claimed 1s:

1. A solar cell assembly comprising:

an e¢lectrical msulator that 1s disposed on an electrically
conductive substrate and 1s provided with a metallised
surface, and
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at least one solar cell with refractive secondary optics to
focus sunlight on the solar cell, the refractive secondary
optics comprising a refractor that 1s configured solidly
from an optically transparent dielectric material with an
average transmissibility of at least 90% 1n the wave-
length range between 400 and 2,500 nm, measured with
a layer thickness of 1 mm, the refractor including an
entrance aperture configured to be orientated towards
sunlight and an outlet aperture configured to be orien-
tated towards the solar cell, the entrance aperture or the
outlet aperture, or both, being configured such that a
refractive concentration of incident sunlight 1s effected,

wherein the at least one solar cell 1s connected to the
clectrically conductive substrate,

wherein the solar cell 1s disposed 1n a recess in the

clectrical msulator that 1s provided with the metallised
surface, the solar cell being connected to the electri-
cally conductive substrate by a side orientated towards
the electrically conductive substrate via an electrically
conductive connection and the recess being dimen-
stoned such that an interspace 1s produced laterally
between the solar cell and the electrical insulator that 1s
provided with the metallised surface, wherein the solar
cell, at least on a side connected to the refractive
secondary optics, has at least one protective coating
made of an optically transparent metal, aluminium
oxide, silicon, silicon oxide, silicon nitride, silicon
carbide, one or more polycarbonates, one or more
poly(meth)acrylates, silicone, glass, quartz glass, or
one or more thermoplastic plastics,

the interspace being filled with a coupling medium and

the solar cell being connected to the metallised surface
by at least one electrical contact, wherein the coupling
medium encapsulates the solar cell and the at least one
electrical contact.

2. The solar cell assembly according to claim 1, wherein
the coupling medium 1s selected from the group consisting
ol one or more transparent materials, silicones, silicone oil,
polycarbonates, poly acrylates, poly(meth)acrylates, glass,
quartz glass, thermoplastic plastics, or a combination
thereof.

3. The solar cell assembly according to claim 1, wherein
the electrically conductive connection of the solar cell to the
clectrically conductive substrate includes one or more of an

adhesive, solder, a bond connection, or welding.

4. The solar cell assembly according to claim 1, wherein
the metallised surface consists of one or more metals
selected from the group consisting of copper, silver, nickel,
ogold, platinum, titanium, palladium, aluminium, germa-
nium, or one or more alloys or one or more combinations of
these.

5. The solar cell assembly according to claim 1, wherein
the electrically conductive substrate consists of one or more
of copper, aluminium, titanium, steel, silicon alloys, or metal
alloys.

6. The solar cell assembly according to claim 1, wherein
the electrical insulator consists of one or more epoxy resins,
thermoplastic plastics, ceramics, aluminium oxide, polyeth-
ylenes, polyvinylchlonides, polytetratluoroethylenes, sili-
cones, or glass.

7. The solar cell assembly according to claim 1, wherein
the optically transparent dielectric material for the refractive
secondary optics 1s selected from the group consisting of
epoxy resin, silicone, silicone resin, polycarbonate, one or
more polyacrylates, one or more poly(meth)acrylates, glass,
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quartz glass, one or more thermoplastic plastics, silicon
oxide, silicon carbide, aluminium oxide, or one or more
combinations of thereof.

8. The solar cell assembly according to claim 1, wherein
the entrance aperture or outlet aperture, or both, of the
refractive secondary optics has one or more of a flat, convex,
or concave surface contour.

9. The solar cell assembly according to claim 1, wherein
an area of the entrance aperture of the refractive secondary
optics 1s greater than an area of the outlet aperture of the
refractive secondary optics.

10. The solar cell assembly according to claim 1, wherein
the refractive secondary optics includes a projection that
surrounds the refractor.

11. The solar cell assembly according to claim 10,
wherein the refractor, with the exception of regions of the
entrance aperture and outlet aperture or a side of the pro-
jection orientated towards the outlet aperture, 1s coated with
a highly reflective coating with a reflection degree p>70% 1n
a wavelength range of 400 to 800 nm or a retlection degree
0>80% 1n a wavelength range of 900 to 2,500 nm.

12. The solar cell assembly according to claim 11,
wherein the highly reflective coating of the refractive sec-
ondary optics comprises aluminium or a layer sequence of
materials with different refractive indices n*°D or alloys of
these.

13. The solar cell assembly according to claim 11,
wherein the highly reflective coating of the refractive sec-
ondary optics has a layer thickness of 1 nm to 3 mm.

14. The solar cell assembly according to claim 1, wherein
the refractor 1s fixed on the metallised surface by a bond by
at least one of gluing or mechanical fixing.

15. The solar cell assembly according to claim 14,
wherein a material for formation of the bond 1s selected from
the group consisting of one or more thermoplastic plastics,
epoxy resins, silicones, acrylates, cyanoacrylates, polycar-
bonates, polyacrylates, poly(meth)acrylates, or one or more
combinations thereof.

16. The solar cell assembly according to claim 14,
wherein a material for formation of the bond 1s a thermally
conducting material that 1s electrically insulating.

17. The solar cell assembly according to claim 15,
wherein a maternial for the bond and the coupling medium are
the same.

18. The solar cell assembly according to claim 14,
wherein the material for formation of the bond, 1n a projec-
tion direction, 1s covered completely by the projection of the
secondary optics.

19. The solar cell assembly according to claim 1, wherein
the refractive secondary optics 1s enclosed by a casing 1n a
form {it, an upper side of the casing forming the entrance
aperture and a lower side of the casing forming the outlet
aperture.

20. The solar cell assembly according to claim 19,
wherein the entrance aperture 1s convexly configured and
protrudes beyond the casing in a longitudinal direction.
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21. The solar cell assembly according to claim 1, wherein
the refractive secondary optics 1s connected to one or more
of the solar cell or the electrically conductive substrate via
at least one fastening element.

22. The solar cell assembly according to claim 1, wherein
one or more of at least one protective diode or at least one
primary optics for concentration of light onto the refractive
secondary optics 1s 1included in the solar cell assembly.

23. The solar cell assembly according to claim 1, wherein
the solar cell 1s connected electrically 1n series or 1n parallel
to at least one further solar cell via the at least one electrical
contact.

24. A solar cell arrangement comprising from 2 to 10,000
solar cell assemblies, each solar cell assembly comprising:

an electrical insulator that 1s disposed on an electrically

conductive substrate and 1s provided with a metallised
surface, and
at least one solar cell with a refractive secondary optics to
focus sunlight on the solar cell, the refractive secondary
optics comprising a refractor that 1s configured solidly
from an optically transparent dielectric material with an
average transmissibility of at least 90% 1n the wave-
length range between 400 and 2,500 nm, measured with
a layer thickness of 1 mm, the refractor including an
entrance aperture configured to be orientated towards
sunlight and an outlet aperture configured to be orien-
tated towards the solar cell, the entrance aperture or the
outlet aperture, or both, being configured such that a
refractive concentration of incident sunlight 1s effected,

wherein the at least one solar cell 1s connected to the
clectrically conductive substrate,

wherein the solar cell 1s disposed in a recess 1n the

clectrical msulator that 1s provided with the metallised
surface, the solar cell being connected to the electri-
cally conductive substrate by a side orientated towards
the electrically conductive substrate via an electrically
conductive connection and the recess being dimen-
stoned such that an interspace 1s produced laterally
between the solar cell and the electrical insulator that 1s
provided with the metallised surface, wherein the solar
cell, at least on a side connected to the refractive
secondary optics, has at least one protective coating
made of an optically transparent metal, aluminium
oxide, silicon, silicon oxide, silicon nitride, silicon
carbide, one or more polycarbonates, one or more
poly(meth)acrylates, silicone, glass, quartz glass, or
one or more thermoplastic plastics,

the interspace being filled with a coupling medium and

the solar cell being connected to the metallised surface
by at least one electrical contact, wherein the coupling
medium encapsulates the solar cell and the at least one
clectrical contact.
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